The research interest of this laboratory is to understand the molecular mechanism of cell differentiation and organogenesis. Particularly, we are interested in basic helix-loop-helix (bHLH) transcription factors that regulate mammalian neural development. We are characterizing their functions by misexpressing the genes with retrovirus and electroporation (gain-of-function study) and by generating knock-out mice (loss-of-function study). During neural development, the following steps occur sequentially: (1) maintenance of neural stem cells, (2) neurogenesis and (3) gliogenesis. Our results indicate that all three steps are regulated by bHLH genes. However, bHLH genes alone are not sufficient but homeodomain genes are additionally required for neuronal subtype specification. We are also interested in biological clocks that regulate embryogenesis. We have recently found that the bHLH genes Hes1 and Hes7 display oscillatory gene expression with two-hour periodicity and regulate the timing of the developmental processes.
Because Hes1 oscillation occurs in many cell types, this clock may regulate the timing in many biological systems. While the Hes1 oscillator is stable in the PSM, it damps rapidly in other cells, suggesting that the oscillators in the former and the latter could be intrinsically different. Here, we have established the real-time bioluminescence imaging system of Hes1 expression and found that, although the Hes1 oscillation is robust and stable in the PSM, it is unstable in the individual dissociated PSM cells, as in fibroblasts. Thus, the Hes1 oscillators in the individual PSM cells and fibroblasts are intrinsically similar, and these results, together with mathematical simulation, suggest that the cell-cell communication is essential not only for synchronization but also for stabilization of cellular oscillators.
3) Hes1 and Hes5 regulate development of the cranial and spinal nerve systems: J.
HATAKEYAMA, S. SAKAMOTO, and R. KAGEYAMA
The bHLH genes Hes1 and Hes5, known Notch effectors, regulate maintenance of neural stem cells and development of the central nervous system (CNS). In the absence of Hes1 and Hes5, the size, shape and cytoarchitecture of the CNS are severely disorganized, but development of the peripheral nervous system remains to be analyzed. Here, we found that in Hes1;Hes5 double-mutant mice, the cranial and spinal nerve systems are also severely disorganized. In these mutant mice, axonal projections from the mesencephalic neurons to the trigeminal (V) ganglion become aberrant and the proximal parts of the glossopharyngeal (IX) and vagus (X) nerves are fused. The hypoglossal (XII) nerve is also formed poorly. Furthermore, the dorsal root ganglia are fused with the spinal cord, and the dorsal and ventral roots of the spinal nerves are lacking in many segments. These results indicate that Hes1 and Hes5 play an important role in formation of the cranial and spinal nerve systems. ). In mice expressing Cre-ER T2 at appropriate levels, Cre recombinase activity was mostly inactive but efficiently activated by tamoxifen within one day. When such mice were crossed with the ROSA-26 or Z/EG reporter mice, neural stem cells were permanently labeled after administration of tamoxifen. Thus, Nes-CreER The developing central nervous system is partitioned into compartments by boundary cells, which have different properties than compartment cells such as forming neuron-free zones, proliferating more slowly, and acting as organizing centers. We now report that the bHLH factor Hes1 is persistently expressed at high levels by boundary cells but at variable levels by non-boundary cells. Expression levels of Hes1 display an inverse correlation to those of the proneural bHLH factor Mash1, suggesting that down-regulation of Hes1 leads to up-regulation of Mash1 in non-boundary regions while persistent and high Hes1 expression constitutively represses Mash1 in boundaries. In agreement with this notion, in the absence of Hes1 and its related genes Hes3 and Hes5, proneural bHLH genes are ectopically expressed in boundaries, resulting in ectopic neurogenesis and disruption of the organizing centers. Conversely, persistent Hes1 expression in neural progenitors prepared from compartments blocks neurogenesis and reduces cell proliferation rates. These results indicate that the mode of Hes1 expression is different between boundary and non-boundary cells and that persistent and high levels of Hes1 expression constitutively repress proneural bHLH gene expression and reduce cell proliferation rates, thereby forming boundaries that act as the organizing centers. Hydrocephalus is a common and variegated pathology often emerging in newborn children after genotoxic insults during pregnancy (Hicks and D Amato, 1980) . Cre recombinase is known to have possible toxic effects that can compromise normal cell cycle and survival. Here we show, by using three independent nestin Cre transgenic lines, that high levels of Cre recombinase expression into the nucleus of neuronal progenitors can compromise normal brain development. The transgenics analyzed are the nestin Cre Balancer (Bal1) line, expressing the Cre recombinase with a nuclear localization signal, and two nestin CreERT2 (Cre recombinase fused with a truncated estrogen receptor) mice lines with different levels of expression of a hybrid CreERT2 recombinase that translocates into the nucleus after tamoxifen treatment. All homozygous Bal1 nestin Cre embryos displayed reduced neuronal proliferation, increased aneuploidy and cell death, as well as defects in ependymal lining and lamination of the cortex, leading to microencephaly and to a form of communicating hydrocephalus. An essentially overlapping phenotype was observed in the two nestin CreERT2 transgenic lines after tamoxifen mediated-CreERT2 translocation into the nucleus. Neither tamoxifen-treated wild-type nor nestin CreERT2 oil-treated control mice displayed these defects. These results indicate that some forms of hydrocephalus may derive from a defect in neuronal precursors proliferation. Furthermore, they underscore the potential risks for developmental studies of high levels of nuclear Cre in neurogenic cells.
4) Temporal regulation of

7) Sustained Notch signaling in progenitors is required for sequential emergence of distinct cell lineages during organogenesis: X. ZHU, J. ZHANG, J. TOLLKUHN, R. OHSAWA, E.H. BRESNICK, F. GUILLEMOT, R. KAGEYAMA, and M.G. RESENFELD
Mammalian organogenesis results from the concerted actions of signaling pathways in progenitor cells that induce a hierarchy of regulated transcription factors critical for organ and cell type determination. Here we demonstrate that sustained Notch activity is required for the temporal maintenance of specific cohorts of proliferating progenitors, which underlies the ability to specify late-arising cell lineages during pituitary organogenesis. Conditional deletion of Rbp-J, which encodes the major mediator of the Notch pathway, leads to premature differentiation of progenitor cells, a phenotype recapitulated by loss of the basic helix-loop-helix (bHLH) factor Hes1, as well as a conversion of the late (Pit1) lineage into the early (corticotrope) lineage. Notch signaling is required for maintaining expression of the tissue-specific paired-like homeodomain transcription factor, Prop1, which is required for generation of the Pit1 lineage. Attenuation of Notch signaling is necessary for terminal differentiation in post-mitotic Pit1+ cells, and the Notch-repressed Pit1 target gene, Math3, is specifically required for maturation and proliferation of the GH-producing somatotrope. Thus, sustained Notch signaling in progenitor cells is required to prevent conversion of the late-arising cell lineages to early-born cell lineages, permitting specification of diverse cell types, a strategy likely to be widely used in mammalian organogenesis. Ectopic pancreas is a developmental anomaly occasionally found in humans. Hes1, a main effector of Notch signaling, regulates the fate and differentiation of many cell types during development. To gain insights into the role of the Notch pathway in pancreatic fate determination, we combined the use of Hes1-knockout mice and lineage tracing employing the Cre/loxP system to specifically mark pancreatic precursor cells and their progeny in Ptf1a-cre and Rosa26 reporter mice. We show that inactivation of Hes1 induces misexpression of Ptf1a in discrete regions of the primitive stomach and duodenum and throughout the common bile duct. All ectopic Ptf1a-expressing cells were reprogrammed, or transcommitted, to multipotent pancreatic progenitor status and subsequently differentiated into mature pancreatic exocrine, endocrine, and duct cells. This process recapitulated normal pancreatogenesis in terms of morphological and genetic features. Furthermore, analysis of Hes1/Ptf1a double mutants revealed that ectopic Ptf1a-cre lineage-labeled cells adopted the fate of region-appropriate gut epithelium or endocrine cells similarly to Ptf1a-inactivated cells in the native pancreatic buds. Our data demonstrate that the Hes1-mediated Notch pathway is required for region-appropriate specification of pancreas in the developing foregut endoderm through regulation of Ptf1a expression, providing novel insight into the pathogenesis of ectopic pancreas development in a mouse model. neurogenesis and negatively regulated by Notch1-independent Hes genes in the developing nervous system. Cerebral Cortex 16, i132-i137. Ong, C., Cheng, H., Chang, L.W., Ohtsuka, T., Kageyama, R., Stormo, G.D., and Kopan, R. (2006) Target selectivity of vertebrate notch proteins: Collaboration between discrete domains and CSL-binding site architecture determines activation probability. J. Biol. Chem. 281,
8) Ectopic pancreas formation in
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